Zataria multiflora Boiss (Z. multiflora) belongs to the Lamiaceae family is used traditionally for culinary and medicinal purposes. Different pharmacological effects have been described for the plant including; bronchodilation, vasodilation, and effect on lung inflammation. The plant is also used as a remedy against cough in the traditional medicine. In this article, 'pharmacological effects of Z. multiflora and its constituents focusing on their anti-inflammatory, antioxidant, and immunomodulatory properties were reviewed' by searching various databases until 'June' 2016. The anti-inflammatory effects of the plant such as decreased total white blood cell, neutrophils, and eosinophils counts were demonstrated. The sprotective effects of Z. multiflora on serum levels of phospholipase A2 and total protein were showed. In addition, constituents of the plant, such as flavonoids and carvacrol, also showed anti-inflammatory effects. Z. multiflora also reduced oxidative stress by scavenging free radicals and can be used in the therapy of oxidative damage. Decreased level of malondialdehyde and protective effects of Z. multiflora on serum levels of nitric oxide were also shown. Improvement of the serum levels of IgE, reduction in pro-inflammatory cytokine , and increased anti-inflammatory cytokines (IFN-c and FOXP3) were shown for Z. multiflora and its constituents, carvacrol and thymol. These results indicated that carvacrol and thymol could be used for treatment of inflammatory diseases as new anti-inflammatory agents. Therefore, Z. multiflora showed anti-inflammatory, antioxidant, and immunomodulatory effects which could be used for treatment of inflammatory and immune dysregulation diseases or disorders associated with increased oxidative stress.
A B S T R A C T
Zataria multiflora Boiss (Z. multiflora) belongs to the Lamiaceae family is used traditionally for culinary and medicinal purposes. Different pharmacological effects have been described for the plant including; bronchodilation, vasodilation, and effect on lung inflammation. The plant is also used as a remedy against cough in the traditional medicine. In this article, 'pharmacological effects of Z. multiflora and its constituents focusing on their anti-inflammatory, antioxidant, and immunomodulatory properties were reviewed' by searching various databases until 'June' 2016. The anti-inflammatory effects of the plant such as decreased total white blood cell, neutrophils, and eosinophils counts were demonstrated. The sprotective effects of Z. multiflora on serum levels of phospholipase A2 and total protein were showed. In addition, constituents of the plant, such as flavonoids and carvacrol, also showed anti-inflammatory effects. Z. multiflora also reduced oxidative stress by scavenging free radicals and can be used in the therapy of oxidative damage. Decreased level of malondialdehyde and protective effects of Z. multiflora on serum levels of nitric oxide were also shown. Improvement of the serum levels of IgE, reduction in pro-inflammatory cytokine (IL-4, TGF-b, and IL-17), and increased anti-inflammatory cytokines (IFN-c and FOXP3) were shown for Z. multiflora and its constituents, carvacrol and thymol. These results indicated that carvacrol and thymol could be used for treatment of inflammatory diseases as new anti-inflammatory agents. Therefore, Z. multiflora showed anti-inflammatory, antioxidant, and immunomodulatory effects which could be used for treatment of inflammatory and immune dysregulation diseases or disorders associated with increased oxidative stress.
I N T R O D U C T I O N
Zataria multiflora Boiss L. (Z. multiflora) belongs to the Lamiaceae family. It has small, narrow, and elliptical leaves. It only grows in central and southern Iran, Pakistan, and Afghanistan, where it is known under the vernacular name of Avishan Shirazi (in Persian) [1] .The oral administration of Z. multiflora aqueous extract (boiled) was used in traditional medicine for analgesic, antiseptic, carminative, anthelmintic, and antidiarrheal properties [2, 3] . The pharmacological studies show that the extract of Z. multiflora has been able to treat coughs due to colds, bronchitis, and disorders of the oral cavity and used as an antibacterial agent in oral hygiene by traditional healers in Iran [4, 5] .
The therapeutic effect of Z. multiflora in respiratory disorders of chemical war victims [6] and its antitussive effect were suggested [7] , which could be due to its relaxant effect on airway smooth muscle leading to bronchodilation. Long-term administration of hydroethanolic extract of Z. multiflora also caused reduction in tracheal responsiveness in animal model of asthma [8] and COPD [9] which also could be due to the relaxant effect of the plant on tracheal smooth muscle.
Zataria multiflora essence significantly improved premenstrual syndrome (PMS) severity score [10] . Different mechanisms of the relaxant effects of Z. multiflora extracts on tracheal smooth muscle such as functional antagonistic effect on muscarinic receptors [11] , antagonistic effect on histamine H 1 receptors [12] , and stimulatory effect of the extract on b-adrenoceptors [13] were suggested. In addition, the relaxant effects of carvacrol (the main constituent of Z. multiflora) on tracheal smooth muscle [14] with different mechanisms such as antagonistic effects on muscarinic receptors [15] , inhibitory effect on histamine (H 1 ) [11] , and stimulatory effect of b2-adrenoceptors [16] were also demonstrated. The inhibitory effect of Z. multiflora extract on voltage-dependent calcium channels in ileum smooth muscle was also reported [17, 18] .
Oral administration of hydroalcoholic extract of Z. multiflora to animals with duodenal ulcer significantly reduced ulcerated area in a dose-dependent manner [19] . Z. multiflora essential oil (ZMEO) has antifungal and organoleptic properties and can be used for producing functional foods as an effective agent on preservation of the cakes [20] .
Intraperitoneal administration of Z. multiflora in mice caused a significant and dose-dependent antinociceptive activity and also significantly decreased the number of writhings compared to control animal 60-90 min after treatment [21] . The aqueous and ethanolic extracts of the aerial part of Z. multiflora showed central and peripheral antinociceptive activities [1] . The Z. multiflora oil exhibited strong antimicrobial activity against Escherichia coli, Staphylococcus aureus, and Salmonella typhimurium [22] . Carvacrol and thymol also showed antibacterial and antifungal effects [23] . In vitro antibacterial properties of the essential oil and methanol extracts of Z. multiflora were reported previously [24] . Although steroidal anti-inflammatory drugs (SAID) and nonsteroidal anti-inflammatory drugs (NSAID) were used currently for treatment of acute inflammatory disorders, these conventional drugs have not been successful to cure chronic inflammatory disorders such as rheumatoid arthritis (RA) [25] [26] [27] . Therefore, plants and their constituents are among current research candidates for new and safe anti-inflammatory agents. In fact, some natural products and flavonoids have various anti-inflammatory and immunomodulatory activities [28] . The effect of Z. multiflora on lung inflammation and cough due to colds was mentioned in traditional medicine [4] . The plant hydroethanol extract decreased total white blood cell (WBC), neutrophils, and eosinophils counts in an animal model of chronic obstructive pulmonary disease (COPD) [29] . The hydroethanol extract of Z. multiflora also decreased tracheal responsiveness and emphysema in guinea-pig model of COPD [9] . In addition, Z. multiflora showed protective effects on total and differential WBC as well as on lung pathology, serum levels of phospholipase A2 (PLA2), total protein, and histamine in sensitized guinea-pigs [8] . Oral administration of hydroalcoholic extract of Z. multiflora to animals with duodenal ulcer resulted in a significant reduction in ulcerated area [19] .
The present review consequently aims at exploring the therapeutic potential of Z. multiflora and its constituents based on their anti-inflammatory, antioxidant, and immunomodulatory properties.
Constituents of Z. multiflora
The major components of Z. multiflora essential oil in different regions are summarized in Table I . Fifty-six compounds were identified in Z. multiflora essential oil, of which the major constituents are thymol, carvacrol, linalool, and p-cymene [30] . The main components of Z. multiflora essential oil from the north area of Iran were thymol, carvacrol, p-cymene, and c-terpinene and a-pinene, representing 80.19% of the total oil [31] . This is consistent with the results of other analyses of Z. multiflora essential oils, such as EOs obtained from the Shiraz city (collected in May 2010) [32] , from Eghlid (Fars province, collected in 2014) [33] , or Noor Abad (Fars province, collected in 2010) [34] . Thymol was also the main constituent of Z. multiflora EO collected in mid-May 2009 in the provinces of Isfahan and Bushehr, alongside with c-terpinene, p-cymene, carvacrol, and linalool [35] .
The main compounds in the essential oil of the plant collected in mid-May 2009 in Yazd were thymol, carvacrol, p-cymene, and c-terpinene and also in Lorestan province, using GC/MS analyses, were thymol, p-cymene, borneol, cis-sabinene hydrate, linalool, 1,8-cineole, c-terpinene, terpinene-4-ol, spathulenol, camphor, and carvacrol [35] . The essential oil of aerial parts of Z. multiflora Boiss in Shiraz region (Fars Province), collected in June 2003, and that of Firozabad collected in June and July 2007 were carvacrol, c-terpinene and eucaliptol [36] , and thymol, carvacrol; p-cymene, c-terpinene, and b-caryophyllene [24] . Thymol is the main compound in the hydroethanolic extracts of Z. multiflora (34%, 42%, and 70%) 2.7, 3.7, and 6 mg/g, respectively, from Firozabad city collected in June and July 2012 [37] . The flavonoid and flavanol contents in ethanolic (80%) and phenolic contents in methanolic (60%) extracts of Z. multiflora were 131, 92, and 283 mg/g, respectively [38] . The constituents of the plant oil from Alborz in the Tehran Province in June 2001 were thymol, k-terpinene, p-cymene, carvacrol, and b-caryophyllene [39] . Furthermore, the main components of Z. multiflora oil collected from Quetta, Pakistan, in June 1999 and June 1996 were carvacrol, methyl carvacrol, carvacrol acetate, p-cymene, c-terpinene, linalool, borneol, and b-caryophyllene [40, 41] , and the plant collected in June 2004 from the same region contains p-cymene, thymol, thymol methyl ether, 3-sitosterol, stigmasterol, oleanolic acid, and betulinic acid [42] . Moreover, the plant also contains apigenin, luteolin, and 6-hydroxyluteolin glycosides, as well as di-, tri-, and tetramethoxylated. These compounds could be responsible for the therapeutic effects of Z. multiflora [43] .
The main components of Z. multiflora, obtained from the mountains of Fars province in June 2013, were carvacrol, thymol, p-cymene, c-terpinene, and linalool [44] .
The main components of essential oil from Z. multiflora in six different ecological areas in Fars province (southwestern of Iran), identified by GC and GC-MS analysis, were linalool, thymol, carvacrol, c-terpinene, p-cymene, carvacrol methyl ether, a-pinene, and myrcene. The principal components based on the mean [45] .
Regarding the stability estimation of the extract for clinical study, accelerated stability studies (40°C AE 2°C/75% RH AE 5% RH) were carried out for a period of 6 months. The results showed no significant changes during this period. In addition, according to the International Conference on Harmonisation (ICH) Q1 report on the environmental conditions in each zone and the derived long-term stability test storage conditions, Iran is categorized in IVa (hot and humid climate), so the half-life for the products can be considered around 12 months [46] .
Chemical structures of carvacrol, thymol, linalool, and p-cymene are shown in Figure 1 .
M E T H O D S
The information of this review article was collected by searching for the keywords 'Zataria multiflora Boiss', 'carvacrol', 'thymol', 'anti-inflammatory effect', 'immunomodulatory effect', and 'antioxidant effect' in databases such as ISI Web of Knowledge, Medline/ PubMed, Science direct, Scopus, and Google Scholar. The papers published until June 2016 were considered in this article.
R E S U L T S

Anti-inflammatory effects
Inflammation is the response of tissue to injury and characterized in the acute phase by vascular permeability with the accumulation of fluid, leukocytes, inflammatory mediators, and inflammatory cells such as monocytes, lymphocytes, neutrophils, and eosinophils in the tissue. Some cytokines play key roles in mediating acute inflammatory reactions, namely IL-1 (a and b), TNF-a, IL-6, IL-11, IL-8, and other chemokines [47] . Pathophysiological characteristics induced by inflammation are redness, edema, fever, pain, and loss of function.
Anti-inflammatory effects of Z. multiflora Anti-inflammatory effects of Z. multiflora and its constituents are summarized in Table II and Figure 2 . The effect of Z. multiflora on lung inflammation and cough due to colds was mentioned in traditional medicine [4] . The plant hydroethanol extract (0.4, 0.8, and 1.6 mg/ mL) decreased total WBC, neutrophils, and eosinophils counts in an animal model of chronic obstructive pulmonary disease (COPD) [29] . The effects of hydroethanol extract of Z. multiflora on tracheal responsiveness and emphysema of guinea-pig model of COPD were also reported [9] . In addition, Z. multiflora showed protective effects on total and differential WBC in the blood and bronchoalveolar lavage fluid as well as on lung pathology, serum levels of PLA2, total protein, and histamine of sensitized guinea-pigs [8] . These results indicate potential therapeutic effects of Z. multiflora on respiratory systems associated with lung inflammation such as asthma and COPD.
The aqueous and ethanolic extracts of the aerial parts of Z. multiflora (0.2, 0.8, and 1.7 g/kg, i.p.) showed anti-inflammatory activity against acute (xylene-0.03 mL, i.p.) and chronic (0.7% acetic acid,
Carvacrol
Thymol Linalool p-cymene Figure 1 Chemical structures of carvacrol, thymol, linalool, and p-cymene. Pharmacological effects of Zataria multiflora Boiss i.p.) inflammation [1] . The hydroalcoholic extract (500 mg/kg, i.p.) and the essential oil (0.3 mL/kg, i.p.) of Z. multiflora showed antinociceptive activity in tail flick test, but oral administration of hydroalcoholic extract (900 mg/kg, p.o) did not show significant effects. In addition, all fractions of the plant, including total extract (900 mg/kg, p.o, 500 mg/kg, i.p.), flavonoid fraction (900 mg/kg, p.o and i.p), and the essential oil, have significant protective effect on carrageenan (CAR)-induced paw edema in rat [48] . These results indicate the antinociceptive effects of hydroalcoholic extract of Z. multiflora mediated by its anti-inflammatory property.
Significantly decreased in macroscopic and microscopic score values in inflammatory bowel diseases (IBD) induced by acetic acid (0.1 mL; i.r.) by the methanolic extracts of Z. multiflora (600 and 900 ppm; p.o) has been shown. [49] . Pretreatment of LPS-stimulated macrophages with Z. multiflora essential oil leads to a significant reduction in H 2 O 2 and NO production. This effect is mediated by inhibition of oxidative stress generation or by radical scavenging activity of phenolic groups of the essential oil, thymol, and carvacrol. Therefore, essential oil of Z. multiflora can be used in the therapy of oxidative damage that accompanies some inflammatory diseases [50] .
Anti-inflammatory effects of carvacrol and thymol
Previous studies showed the effects of carvacrol, the main constituent of Z. multiflora, on tracheal responsiveness, inflammatory mediators, and total and differential WBC counts [51] . Carvacrol (40, 80 and 160 lg/ml; p.o.) reduced IL-4 and endothelin and reduction in some inflammatory mediators including, prostaglandin E2 (PGE 2 ) and interleukin-1b (IL-1b) in sensitized animals [52] . Tracheal responsiveness in treated guinea-pig model of COPD with three concentrations of carvacrol (60, 120 , and 240 lg/mL) and emphysema in treated group with its highest concentration were significantly improved compared to untreated COPD group [29] . Carvacrol (40, 80, and 160 lg/mL) also showed anti-inflammatory activities including, reduced serum levels of TP, PLA2, and histamine in sensitized guinea-pigs [53] . Moreover, carvacrol significantly decreased TNF-a levels in pleural lavage and inhibited the recruitment of leukocytes without changing the morphological profile of these cells [54] . The studies above suggest therapeutic effects for carvacrol in inflammatory respiratory diseases by TR, tracheal responsiveness; NO, nitric oxide; IL-1b, interleukin-1b; LPS, lipopolysaccharide; COX-2, cyclo-oxygenase-2; iNOS, inducible nitric oxide synthase; HNC, human neutrophils cells; FMLP, synthetic chemotactic peptide N-formyl-methionyl-leucyl-phenylalanine; CFA, complete Freund's adjuvant; COX-2, cyclo-oxygenase-2; PHA, phytohaemagglutinin; SPBL, stimulated peripheral blood lymphocytes; MPO, myeloperoxidase; PGE2, prostaglandin-E2; TNBS, trinitrobenzene sulfonic acid; PMN, polymorphonuclear; BAL, bronchoalveolar lavage. Pharmacological effects of Zataria multiflora Boiss decreasing WBC, TP, PLA2, and inflammatory cytokines.
Carvacrol (50 mg/kg and 100 mg/kg p.o.) reduced paw edema induced by dextran or histamine and substance P; its topical administration (0.1 mg per year) significantly reduced the ear edema induced by 12-Otetradecanoylphorbol acetate and arachidonic acid [55] . Carvacrol (0.3, 1, 3, 10, 30, or 90 lg/mL) inhibited leukocyte migration, and its topical application (10 mg/ear), reduced ear edema, and caused a topical anti-inflammatory effect [56] . Carvacrol (50 or 100 mg/kg; i.p.) also inhibited the development of mechanical hypernociception and edema induced by carrageenan and tumor necrosis factor-a (TNF-a) [54] . In human macrophage-like U937 cells, carvacrol suppressed LPS-induced COX-2 mRNA and protein expression, suggesting that carvacrol regulates COX-2 expression by its agonistic effect on PPARc. These results may be important in understanding the antiinflammatory and anti-lifestyle-related disease properties of carvacrol [57] . The inhibitory effect of carvacrol on pro-inflammatory cytokines and its stimulatory effect on anti-inflammatory cytokines were shown and pointed on the possible therapeutic value of this agent in the treatment of disorders with immuno-dysregulation. Carvacrol (50 and 100 mg/kg, i.p.) attenuated the paw edema and reduced IL-1b; TNF-a and carvacrol (100 mg/kg, i.p.) reduced the COX-2 and IL-1b mRNA expression in treated mice [58] . In addition, the levels of IL-10 (an anti-inflammatory cytokine) and the IL-10 mRNA expression were enhanced by carvacrol in the inflamed paw [58] . The topical anti-inflammatory activity of terpenoids derived from the aerial parts of Lavandula multifida L. such as carvacrol (100 lgcm 2 )
was investigated by inhibition of the croton oil-induced ear edema in mice [59] . Carvacrol is one of the main substances in thyme essential oil (TEO). Dietary supplementation of TEO (5000, 2500 and 1250 ppm) significantly decreased paw edema and ear swelling. Furthermore, 1250 ppm of TEO increased ear edema induced by oxazolone application in mice [60] . Therefore, anti-inflammatory effects of carvacrol may be due to inhibition of leukocyte migration, COX-2, and IL-1b mRNA expression and also suppressing the release of histamine and serotonin from mast cells, as well as suppression of release or action of substance P. Inhibitory effect of carvacrol on production of prostaglandin E 2 catalyzed by cyclo-oxygenase-2 (COX-2) with an IC 50 value of 0.7 lM similar to IC 50 of indomethacin was reported [61] . Carvacrol (5000 ppm) also caused a significant inhibition of total mRNA IL1b expression in the mouse colon and markedly decreased the macroscopic and microscopic scores of colitis [60] . Carvacrol (1, 10, and 100 lg/mL) also significantly reduced the LPS-induced nitrite production and did not produce cytotoxicity in the murine peritoneal macrophages [54] . The effects of carvacrol on colitis-associated colon cancer (CACC) induced by 1, 2 dimethyl hydrazine (DMH) (40 mg/kg b.wt) and dextran sodium sulfate (DSS) 1% (w/v) in male rat model were studied. Colon cancer diagnostic markers and pathophysiological enzymes (ALP and LDH) levels were remarkably reduced in carvacrol pretreated and posttreated groups. It also significantly decreased the number of mast cell in DMH/DSS-induced rats and suppressed the pro-inflammatory mediators such as inducible nitric oxide synthase (iNOS) and IL-1b in CACCinduced rats [62] . In addition, carvacrol (at doses of 25, 50, and 100 mg/kg, p.o.) showed a healing capacity on gastric lesions induced by acid acetic (60%, 91%, and 81%, respectively) after 14 days treatment [55] . These studies indicated a possible therapeutic effect of carvacrol on inflammatory bowel diseases. The above studies indicate that the effects of carvacrol in inflammatory gastric diseases may be due to an activity on vascular changes, inhibition of mRNA IL-1b expression, reduction in ALP and LDH enzymes, and reduction in mast cell and iNOS.
Thymol, a major constituent of Thymus vulgaris (another species of the Lamiaceae family) and Z. multiflora, tested at doses of 10 and 20 lg/mL, interferes with elastase activity and reduced the release of this proteinase in human-stimulated neutrophils with synthetic chemotactic peptide N-formyl-methionyl-leucylphenylalanine (FMLP). This compound also inactivated calcium channels and decreased elastase production [63] . Anti-inflammatory activity of thymol using COX-1 and COX-2 assays showed inhibition of COX-1 [64] . Thymol in a concentration-dependent manner (50 and 200 lg/mL) also inhibited inducible lymphocyte proliferation (62.8% to 89.8%) at doses of (50 and 200 lg/ mL, respectively) on mitogen (PHA)-stimulated peripheral blood lymphocytes using a cell proliferation assay which indicated therapeutic potential of this component in the treatment of infections and inflammatory diseases [65] . Thymol (10, 20, 40 lg/mL) significantly inhibited the production of TNF-a and IL-6 in LPS-stimulated mouse mammary epithelial cells (mMECs). The expression of COX-2 and iNOS was also suppressed by thymol in a dose-dependent manner. Additionally, thymol inhibited the phosphorylation of extracellular signal-regulated protein kinase (ERK), c-Jun N-terminal kinase (JNK), and nuclear factor-jB (NF-jB) in LPS-stimulated cells [66] .
Thymol at doses of 0.3, 1, 3, 10, 30, and 90 lg/mL did not reduce leukocyte migration in vitro in response to leukotriene B4 (LTB4; 10 À8 M) stimulation but at concentrations of 1.5, 15, and 150 lg/mL was a potent chemoattractant agent [56] . Furthermore, thymol (400 mg/kg) significantly reduced the inflammation in the ear edema of rat [56] . It has been reported that thymol (10, 30 , and 100 mg/kg, i.p.) significantly reduced the edema and myeloperoxidase (MPO) activity as well as decreased leukocyte influx to the injured area in the carrageenan-induced rat paw edema [67] .
The results of combination of thymol (main components of Thymus proximus) and carvacrol on induced colitis showed reduction in pro-inflammatory cytokines and attenuate the degree of colonic tissue injury in mice [68] . The above studies showed general antiinflammatory effects for thymol which may be due to a decreased elastase activity and reduced release of this proteinase, inactivation of calcium channels, inhibition of COX-1, and reduction in leukocyte influx to the injured area. Carvacrol (240 lg/mL; p.o.) reduced total WBC count, eosinophil percentage by 71 and 72%, respectively, and hydroethanolic extract of Z. multiflora (1.6 mg/mL) changed these parameters by 67 and 67% in guinea-pig model of COPD [69] . In sensitized guinea-pigs also, carvacrol (160 lg/mL; p.o.) reduced total WBC count, and eosinophil percentage by 69 and 71% [51] , while the hydroethanolic extract of Z. multiflora (1.6 mg/mL) changed the same parameters by 72 and 78% [29] . Therefore, carvacrol at 15% [29] and 10% [51] concentration relative to the extract produced a similar effect as the plant extract. With regard to an average amount of carvacrol in the plant extract of about 25% (Table I) , the above results indicate that carvacrol alone is more potent than the extract of Z. multiflora. The greater effect of carvacrol could be due to the presence of other compounds in the extract which may counteract the effect of carvacrol. However, the results suggest that the anti-inflammatory properties of the plant extract may be due to its constituent carvacrol.
Thymol (40 lg/mL) significantly inhibited the production of TNF-a, IL-6, iNOS, and COX-2 by 73, 68, 83, and 70%, respectively, in LPS-stimulated mouse mammary epithelial cells [66] . Thymol (20 lg/mL) reduced expression of IL-1b and TNF-a in LPS-induced inflammatory cytokines on mouse macrophages by 50 and 21%, respectively [70] . Hydroethanolic extract of Z. multiflora (1 lg/mL) reduced the IL-1b, TNF-a, and iNOS in LPS-induced mRNA expression of cytokines on murine macrophages by 90, 80, and 84%, respectively [71] . The above studies indicated that thymol with concentration of 20 and 40 lg/mL [66, 70] showed lower anti-inflammatory effect than hydroethanolic extract of Z. multiflora at lower concentration (1 lg/ mL). With regard to an average amount of thymol in the plant extract of about 35% (Table I) , the above results indicate that the anti-inflammatory properties of the plant extract are not related to its content in thymol.
Anti-inflammatory effect of other constituents
Linalool is a monoterpene which is reported to be a major volatile component of the essential oils of several aromatic plants including Z. multiflora. Linalool inhibited the phosphorylation of IjBa protein, p38, c-Jun terminal kinase, and extracellular signal-regulated kinase in LPS-stimulated RAW 264.7 cells [72] . Linalool (25 mg/kg, i.p.) reduced the production of inflammatory cytokines in the BAL fluid of LPS-induced mice showed reduced the production of inflammatory cytokines and significantly attenuated histopathological changes of lung tissues, and decreased the number of total cells, neutrophils, and macrophages in the BAL fluid compared with the LPS group [72] .
The study of linalool on chronic inflammatory hypersensitivity induced by intraplantar injection of complete Freund's adjuvant (CFA) on adult female Swiss mice showed that linalool (50 or 200 mg/kg, i.p.) administrated as a single dose or given chronically (50 mg/kg, i.p.) twice daily for 10 days significantly reduced CFA-induced hypersensitivity and paw edema in mice [73] .
Administration of (-) linalool (25 mg/kg/BW, abdominal subcutaneous injection) did not exhibit any activity 1 h after administration of carrageenan, but after 3 and 5 h, it significantly inhibited induction of edema. Treatment with higher doses of (À) linalool (50 and 75 mg/kg) produced the maximum inhibitory effect against edema 1 h after carrageenan injection. (AE) linalool at a dose of 25 mg/kg, contrarily to doses of 50 and 75 mg/kg, did not show any anti-inflammatory activity after 1 h but showed a significant effect 5 h after carrageenan induction edema [74] . Treatment of RAW 264.7 cells with linalool (40, 80, and 120 lg/mL) showed significant inhibition of LPS induction of IL-6 and TNF-a in a dose-dependent manner.
The monoterpene c-terpinene is a natural compound present in essential oils of a wide range of plants including Z. multiflora, which has been reported to possess anti-inflammatory activity [75] . Pretreated with cterpinene (GT), 25 mg/kg or 50 mg/kg for 1 h, the paw edema induced by carrageenan in mice was significantly decreased. GT also decreased PGE2-induced paw edema and histamine-induced paw edema after challenges. In addition, treatment with GT inhibited fluid extravasation in the acetic acid model of microvascular permeability. GT treatment in a carrageenan-induced peritonitis model reduced neutrophil migration as well as the production of inflammatory cytokines when compared to control group [75] . It has been reported that p-cymene was able to reduce the pro-inflammatory cytokine production in mouse colon but does not suppress the production of IL-1b [76] . The anti-inflammatory effects of various combination of p-cymene and thymol (main components of Thymus proximus) and carvacrol on induced colitis in mice showed that combination therapy lowered the amounts of inflammatory cytokines [68] . Thyme essential oil, mainly constituted by p-cymene and thymol, at concentrations (5000 ppm; wt/wt), remarkably inhibited total mRNA IL-1b expression in the mouse colon, while it did not significantly inhibit IL-6 expression [60] .
The major compounds of Lippia gracilis essential oil (EO) under stress condition are thymol (32.68%), p-cymene (17.82%), methyl thymol (10.83%), carvacrol (7.53%), and c-terpinene (7.13), but the major compounds under nonstress condition are thymol (24.08%), p-cymene (15.91%), methyl thymol (11.18%), c-terpinene (10.88%), and carvacrol (5.31%). Oral treatment with the EO of Lippia gracilis leaves showed inhibitory activity on abdominal writhes induced by acetic acid and reduced edema formation induced by carrageenan compared to the control group. Furthermore, leukocyte migration into the peritoneal cavity induced by carrageenan was reduced with the EO compared with the control group [77] . Administration of a flavonoid and kaempferol (30 and 150 mg/kg, p.o.) decreased the levels of TNF-ɑ and IL-1b in serum of high cholesterolfed rabbits. In addition, kaempferol downregulated mRNA and protein expression of inflammatory molecules such as E-selectin (E-sel), intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), and MCP-1 in the aorta of rabbits [78] . Kaempferol (3, 30 or 100 mg/kg, s.c.) also decreased the levels of IL-5 and IL-13 in a dosedependent manner similar to the effect of dexamethasone (1 mg/kg) in the bronchoalveolar lavage fluid (BALF). In addition, kaempferol decreased the antibodies (CD4 + , B220 + , MHC class II, and CD40 molecule) expressions in BALF cells analyzed by flow cytometric analysis [79] .
The described studies indicate anti-inflammatory effects of linalool, GT, and p-cymene (other components of Z. multiflora) which may be mediated by inhibition of the proteins phosphorylation such as, IjBa protein, p38, c-Jun terminal kinase, reduction in WBC cells, neutrophils, and macrophages, reduction in PGE2 activity, inhibition of microvascular permeability and leukocyte migration.
Antioxidant effects
Oxidative stress is determined by high generation of free radicals [80] . Free radicals can oxidize nucleic acids, proteins, and lipids, initiating degenerative diseases [81] . Thus, oxidative stress is important in the pathophysiology of many human disorders such as cancer [82, 83] . Recently, medicinal plants with antioxidant activities have been considered as a dietary supplement or as a medicine therapy [82] . Antioxidants are known as molecules which have the ability of inhibiting oxidation process and trapping free radicals such as peroxide and lipid peroxyl [35, 81] . Antioxidant compounds including phenolic acids, polyphenols, and flavonoids scavenge free radicals and therefore prevent from the oxidative mechanisms [84] . The oxidative stress/antioxidant parameters such as lipid peroxidation, glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA) are considered for investigating antioxidant effects of various agents [85] .
Antioxidant effects of Z. multiflora Zataria multiflora has high amounts of phenolic monoterpens as carvacrol and thymol which showed potent antioxidant activities [86] . Antioxidant and free radicals scavenging activities of Z. multiflora and its constituents have been reported in several studies which show that this plant can be considered as a potential source of natural antioxidant for traditional and medicinal uses [32, 80, 87] . The hydrodistillation of Z. multiflara (100, 200, and 400 lL/kg, i.g) showed potent antioxidant activity in a dose-dependent manner [88] . The antioxidant properties of Z. multiflora hydroalcoholic extracts assessed by the DPPH and b-carotene bleaching test showed strong radical scavenging activity (~71%) compared to the standard antioxidant agent vitamin C (~48%). Furthermore, Z. multiflora hydroalcoholic extract inhibited formation of peroxidation products (~95%) [32] .
Numerous studies aimed to determine the antioxidant capacity of ZMEO. In these studies, various tests including azinobis (3-ethyl-benzothiazolin-6-sulfonic acid) (ABTS), diphenyl-1-picrylhydrazyl (DPPH), hydrogen peroxide scavenging, reducing power, and b-carotene bleaching assays were used and showed Pharmacological effects of Zataria multiflora Boiss significant antioxidant activity for essential oil of Z. multiflora [89] [90] [91] [92] .
Essential oil and methanolic extract of Z. multiflora showed antioxidant activity using two separate methods of inhibition of free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ammonium thiocyanate systems. Thus, this plant could be used as a natural preservative ingredient in food and drug industries [24, 93] . Similarly, the potential antioxidant capacity of essential oils from five ecotypes of Z. multiflora Boiss was assessed by the scavenging activity of stable free radicals of 2,2 0-diphenyl-1-picrylhydrazyl (DPPH). The results revealed that all essential oils indicated a remarkable antioxidant activity [35] . Therefore, different methods of measuring antioxidant capacity indicated relatively potent antioxidant activity of Z. multiflora.
Additionally, the antioxidant effect of Z. multiflora was evaluated in human monocytes cultured in the presence of glucose. The stress was induced in these cells by a high glucose concentration led to an increase in NO and H 2 O 2 production as well as NO synthase (NOS) and NADH oxidase (NOX) activities. Treatment with ZMEO reduced NO and H 2 O 2 production as well as NOS and NOX activities in those cells and prevents nitrosative stress and lipid peroxidation [87] . Z. multiflora essential oil also leads to significant reduction in H 2 O 2 and NO production in LPS-stimulated macrophages [50] .
In vitro study results demonstrated antioxidant effect of Z. multiflora extract by oxidant agents reduction such as NO, H 2 O 2 , NOS, and NOX.
In addition to in vitro evidence of antioxidant activity of the ZMEO, in vivo antioxidant activity of the plant essential oil was also evaluated. In a rat model, measurement of antioxidant activity by DPPH test exhibited that ZMEO in three doses of 100, 200, and 400 lL/kg significantly scavenged DPPH radical and thus the plant could be used in healthy medicine and food industry [88] .
The antioxidant effects of this plant [32] and the therapeutic effect of ZMEO (50, 100, or 200 lL/kg) on cognitive function and mental abilities in a rat model of Alzheimer disease showed that treatment of sensitized animals with the extract of Z. multiflora resulted in reduction in serum levels of total NO and nitrite [94] . Treatment of oxidative stress and genotoxicity induced by cyclophosphamide in mouse bone marrow cells by Z. multiflora extract at different concentrations (50, 100, and 200 mg/kg body weight) also reduced oxidative stress and indicates concentration-dependent antioxidant activity on 1, 1-diphenyl 2-picrylhydrazyl free radical and lipid peroxidation [95] .
The protective effects of Z. multiflora extract were evaluated in glucose-induced in vivo model of diabetic neuropathy in rats. The extract of the plant caused protective effect in diabetic rats by reduction in diabetic damages via oxygen and nitrogen radical scavenging [96] . The effect of the plant ethanolic extract on the hyperglycemia induced by bisphenol A (BPA) showed that Z. multiflora caused significant decrease in MDA content with increase in GSH in the serum of treated mice exposed to BPA (2 mg/kg/day). The MDA, TAS (total antioxidant status), and SOD levels ameliorated in the pancreas of mice exposed to BPA after Z. multiflora administration. These results suggest that this plant ameliorates hyperglycemia and hyperlipidemia in adult male mice exposed to BPA via inhibition of oxidative stress [97] .
A number of studies reported the antioxidant effect of Z. multiflora on gastrointestinal and other disorders [29, 98] . The activity of myeloperoxidase (MPO) and lipid peroxidation products (TBARS), as indicators of free radical activity, increased in IBD while recovered by pretreatment of animals with Z. multiflora (400-900 ppm), [49] .
Zataria multiflora extract (50, 100, 200 and 400 mg/kg per day, i.p.) caused hepatoprotective effect by inhibition of lipid peroxidation level and depletion in glutathione content, and superoxide dismutase and catalase activities induced by cyclophosphamide (CP) in liver [99] .
Increased markers of oxidative stress in the airspaces, breath, blood, and urine in patients with COPD caused by cigarette smoke [100] , elevated glutathione in bronchoalveolar lavage fluid (BALF) in the airways of chronic smokers, and enhanced activity of antioxidant enzymes (superoxide dismutase and catalase) in alveolar macrophages of young smokers [100] [101] [102] were shown. However, treatment with Z. multiflora resulted in increased thiol group in BALF of COPD animals which supported the antioxidant effect of the plant [69] as well as decreased MDA level and eosinophils count in animal model of COPD [29] . In addition, Z. multiflora showed protective effects on serum levels of nitric oxide (NO), on sensitized guinea-pigs [8] . These results indicated protective effects of Z. multiflora extract on gastrointestinal, respiratory, and other diseases associated with oxidative stress and lipid peroxidation, by decreased MDA and NO levels and increased thiol group. Antioxidant effect of carvacrol and thymol It was shown that thymol and carvacrol are responsible for the antioxidant activity of many essential oils containing these constituents [103] . The potent antioxidant property of carvacrol including effect on NO and MDA scavenging activity [80] and similar effects for thymol and carvacrol by significant reduction in NO and H 2 O 2 production along with NADH oxidase and nitric oxide synthase activities in glucose-stimulated human monocyte were shown [87] . Thymol and carvacrol treatment significantly reduced NO and H 2 O 2 production and also NO synthase and NADH oxidase activity in LPS-stimulated murine macrophages. Thus, these components have antioxidant therapeutic potential in treatment of oxidative damage disorders [50] . Carvacrol and thymol are monoterpenic phenols and main components of Z. multiflora. Protective effects of carvacrol (73 mg/kg, i.p.) against methotrexate (MTX)-induced oxidative stress and inflammation showed significant reduction in total oxidant status (TOS), MDA, IL-1 b, and TNF-a levels, while total antioxidant status (TAS) was increased in comparison with the MTX group [104] . The effects of carvacrol (10 mg/kg) on 6-hydroxydopamine-induced Parkinson's disease showed that carvacrol administration reduced the rotation number and decreased the MDA and nitrite level while increased the antioxidant enzyme [105] . The radioprotective effect of Z. multiflora and constituents thymol against genotoxicity induced by cirradiation in human blood lymphocytes indicated that Z. multiflora can reduce the genotoxicity induced by c-irradiation in human lymphocytes [106] . It was shown that the chemoprotective and radioprotective effects of thymol vs. genotoxicity induced by chemical agent are mainly accompanied by its antioxidant activity [107] . The protective effect of thymol against radiation-induced cytotoxicity in Chinese hamster lung fibroblast (V79) cells growing in vitro showed that thymol increased intracellular glutathione, superoxide dismutase, and catalase enzyme levels in V79 cells accompanied by the decreasing in lipid peroxides. In addition, thymol led to cell viability through its antagonistic potential against radiation-induced oxidative stress and lipid peroxidation. Therefore, thymol could antagonize radiation-induced toxicity, by normalizing the intracellular antioxidant levels with its free radical scavenging and antilipid peroxidative potential [108] .
Pretreatment with carvacrol (60, 120, and 240 lg/ mL) prevented cigarette smoke-induced oxidative stress by elevation in antioxidant power and total thiol level in animal model of COPD [69] . The above studies may indicate that carvacrol and thymol contribute in antioxidant property of Z. multiflora.
Antioxidant effect of other constituents Z. multiflora Antioxidant properties of linalool were shown in several studies [109, 110] . Protective effects of linalool on the level of total lipid and fatty acid in guinea-pig brains with oxidative stress induced by H 2 O 2 showed that linalool modulate degenerative effect of H 2 O 2 and/ or its oxidation indicating antioxidant properties of linalool in preventing lipid peroxidation [110] . In addition, a neuroprotective effect of linalool against acrylamide-induced neurotoxicity in Wistar rats was demonstrated. GSH contents elevated while ACRinduced lipid peroxidation decreased in cerebral cortex after treatment with linalool [111] .
A monoterpene hydrocarbon, c-terpinene, is also present in the essential oils of Z. multiflora with antioxidant activity, comparable to that of the phenol [112] . The antioxidant effects of c-terpinene on the oxidation of methyl linoleate, DNA, and erythrocytes induced by 2,2-azobis (2-amidinopropane hydrochloride) (AAPH) showed that c-terpinene is able to scavenge radicals and indicated a protective effect on the oxidation of DNA induced by AAPH [113] . Antioxidative activity of essential oil of the fruit of Juniperus sabina was also shown [114] .
Additionally, p-cymene is a monoterpene and a constituent of a number of essential oils such as Z. multiflora with antioxidant activity. The antioxidant effect of p-cymene in the hippocampus of mice indicated reduction effect of p-cymene on lipid peroxidation and nitrite content levels as well as increased CAT and SOD activities in mice hippocampus [115] . The described studies indicate that other constituents of the plant such as linalool, c-terpinene, and p-cymene also contribute to antioxidant property of Z. multiflora. Table III and Figure 3 showed antioxidant effects of Z. multiflora and its constituents.
Immunomodulatory effect
Immunomodulation is the process of moderating an immune response by administration of a drug or herbal compound. Modulation of the immune system is the change in the immune response including induction, expression, amplification, or inhibition of any phase of the immune response. There are two types of immunomodulators: • Immunosuppressants which inhibit lymphocyte activation, suppression of cellular and humoral immunity and induce apoptosis.
• Immunostimulators which enhance body's resistance against infection through innate immune response which can act as immunopotentiators by Pharmacological effects of Zataria multiflora Boiss enhancing basic level of immune response, and in the individual with weakening of immune response as immunotherapeutic agents [116, 117] .
Immunomodulatory effect of Z. multiflora An in vitro study on cultured dendritic and T cells demonstrated that Z. multiflora inhibited proliferation of human lymphocytes while activating DCs by CD40 expression enhancement [117] . Z. multiflora extract recovered IFN-c and FOXP3 gene expression and decreased IL-4, TGF-b, IL-17 gene expression in cultured splenocytes from ovalbumin-sensitized mice [118] . According to these studies, Z. multiflora can appropriately regulate immune cell function. Z. multiflora in an in vivo study on cytokines gene expression and lymphocytes subtypes in splenocytes of asthmatic mice, administered during sensitization period, also decreased pro-inflammatory (IL-4, TGF-b, and IL-17) but increased anti-inflammatory cytokines (IFN-c and FOXP3) [119] . Stimulatory effects of intraperitoneal administration of Z. multiflora essence on the function of innate immunity in BALB/c mice have been shown [120] . Z. multiflora also increased WBS, IgM, monocytes, and phagocytosis in rats [121] . Serum levels of IL-8 were decreased in guinea-pig model of COPD [29] as well as serum level of IgE in guinea-pigs sensitized to ovalbumin [122] were improved by treatment with drinking water containing the extract of Z. multiflora. The plant essential oil on innate immune responses of common carp showed immunostimulatory effects on some immunological factors such as antibody titers, total WBCs, and serum bactericidal activity [123] and promoted the health status due to the increase in respiratory burst activity of neutrophils, RBC, and hematocrit. [124] . The effect of long-term administration of 2% Z. multiflora on histological features of bursa of fabricius as a primary lymphoid organ showed enhanced thickness of follicular cortex of birds which may be due to increasing cell proliferation in the follicular cortex [125] . Zataria multiflora essential oil showed inhibitory effect on replication cycle of adenovirus in cell culture as simultaneous and post-treatment while having no effect on resistance of cells to adenovirus [126] . The cellular immunity responses to Candida antigens were significantly stimulated in rabbits treated with s.c. multiflora for 6 days and injected Candida albicans antigens five days later by evaluating phagocytosis, killing assays, and lymphocyte transformation test (LTT) on blood after one week [127] . Z. multiflora essential oil was administrated in broilers immunized with lives Newcastle disease virus (NDV) which induced a dosedependent increase in antibody titers higher than levamisole indicating stimulating effect of the plant essential oil on humoral immune responses [128] . All these studies indicate the modulatory effects of Z. multiflora on the immune system as well as relevant tissues especially in respiratory disorders associated with immune dysregulation and suggest the therapeutic potential of Z. multiflora as an immunostimulatory agent.
Immunomodulatory effect of carvacrol and thymol Thymol and carvacrol as main constituents of Z. multiflora are able to modulate T-cell activity in PMA/calcium ionophore-stimulated Jurkat cells by reducing IL-2 and IFN-c production, possibly by downregulation of activator protein-1 (AP-1), nuclear factors of activated T cells transcription factors [129] . Thymol and carvacrol in noncytotoxic concentrations on splenic dendritic cells (SDCs) maturation and T-cell activation showed reduction in mitogenic T-cell proliferation, and the levels of IFN-c and IL-4 which showed the suppressive properties of these two components on DCs maturation and function, as well as T-cell responses [130] . The immunomodulatory effect of carvacrol on cytokine gene expression in splenocytes of sensitized animals showed increased IFN-c and FOXP3 gene expression, but decreased IL-4, TGF-b, and IL-17 gene expression [131] .
In ovalbumin-sensitized guinea-pigs, carvacrol caused reduction in IL-4 and increase in the level of IFN-c and IFN-c/IL4 ratio (Th1/Th2 balance) indicating stimulatory effect of carvacrol on Th1 but its inhibitory effect on Th2 activity [52] . Increased proportion of CD4, CD8, MHC class II antigen, and non-T/non-B cells in peripheral blood lymphocytes were shown by 60 g carvacrol and 55 g thymol/kg in oregano feed additive pigs [132] . Thymol decreased serum TNF-a, and it also increased the immunoglobulin IgA, IgM, and CD4 and CD8 cells in serum of weaning pigs [133, 134] . It has been demonstrated that diets containing carvacrol plus thymol have increased the primary and secondary immune response in broiler chickens against SRBC antigen and IgG [135] . However, stimulation of leukocytes by intraperitoneal injection of thymol (1.25-5 mg/kg) in albino mice was not seen [136] .
Carvacrol is shown to prevent the interacting free radicals and hazardous compounds with cellular DNA and can improve immune functions as an antioxidant and increase the activity of vitamin C [137] . The effect of carvacrol on reducing of the production of PGE2 by inhibition of COX-1 and COX-2 indicates that its antiinflammatory action may be related to its inhibitory effect on arachidonic acid pathway [61] . Carvacrol as activator of PPARa and c (peroxisome proliferator-activated receptors) is the major suppressor of COX-2 expression [57, 138] . In addition, carvacrol is able to amplify Tcell responses to Hsp70 (heat-shock protein as stress proteins are expressed by cells in inflamed tissue) and increase the number of CD4+CD25+FoxP3+ T cells, in the spleen and the joint. Therefore, carvacrol can increase T-cell protective responses [139] . Thymol as one of the main components of Z. multiflora effectively inhibited COX-1 [64] , inducible lymphocyte proliferation [65] and also decreased inflammation and wound size [67, 140] . According to above studies, thymol and especially carvacrol, two main constituents of Z. multiflora, are contributing in immunomodulatory effect of the plant in various disorders with immune dysregulation.
Immunomodulatory effect of other constituents of Z. multiflora In various studies, linalool caused a medium stimulation of IFN-c secretion and a low activity in the proliferation of human PBMC in vitro [141] and increased IL-10/IL-2 ratio (Th2/Th1) in mouse primary splenocytes [142] . Inhibitory effect on leukotriene production [138] and secretion of cytokines such as IL-1 b and TNF-a from immune cells [143] as well as IL-6, TNF-a, and IL-1b in bronchoalveolar lavage were observed for c-terpinene. The later effect is likely mediated by interfering with the activation of NF-jB pathway [144] . Treatment with p-cymene also significantly inhibited the release of TNF-a but not IL-10 in FMLP-stimulated neutrophils [145] . Therefore, linalool, c-terpinene, and p-cymene as other constituents of Z. multiflora were also contributed to the immunoregulatory effects of the plant. Immunoregulatory effects of Z. multiflora and its constituents, carvacrol and thymol, are shown in Table IV and Figure 4 . Figure 5 also showed a summary of anti-inflammatory, immunomodulatory and antioxidant effects extracts and constituents of Z. multiflora.
C O N C L U S I O N
This review highlighted anti-inflammatory, antioxidant, and immunomodulatory effects of Z. multiflora and its major phytochemical components with possible mechanism of action. Anti-inflammatory properties of Z. multiflora, carvacrol, and thymol included reduction in total WBC, neutrophils, and eosinophils counts in the blood and bronchoalveolar lavage of sensitized animals. Z. multiflora attenuated tracheal responsiveness and emphysema and also reduced acute and chronic bowel inflammation. Z. multiflora and carvacrol reduced the serum levels of PLA2, total protein, and histamine in sensitized animals. In addition, Z. multiflora, carvacrol, and thymol decreased paw edema, myeloperoxidase (MPO) activity, as well as leukocyte influx, and some inflammatory mediators including, PGE 2 and IL-1b but carvacrol increased the levels of IL-10 and the IL-10 mRNA expression. Other constituents of the plant including, linalool, c-terpinene, and p-cymene also showed anti-inflammatory properties by significant inhibition of IL-6 and TNF-a in the induced paw edema. These constituents (especially linalool) also inhibited the pro-inflammatory pathway such as, phosphorylation of IjBa protein, p38, c-Jun terminal kinase, and extracellular signal-regulated kinase in LPS-stimulated cells.
Zataria multiflora has high amounts of phenolic oxygenated monoterpenes such as carvacrol and thymol and his precursors which scavenge free radicals and can reduce oxidative stress. ZMEO showed antioxidant property by increasing antioxidant markers including GSH, SOD, CAT, as well as scavenging activities of NO and MDA, and also decreasing lipid peroxidation. Therefore, this plant and its constituents could be of therapeutic value in disorders such as some inflammatory conditions where radical scavenging activity plays an effective role.
Zataria multiflora also showed modulation of immune responses. The plant caused stimulation of humoral and cellular immune responses, inhibitory of adenovirus replication cycle, and increasing cell proliferation in the follicular cortex of bursa Fabricius. Improved serum levels of IgE, reduction in pro-inflammatory cytokine (IL-4, TGF-b, and IL-17), and increased anti-inflammatory cytokines (IFN-c and FOXP3) were also shown for the plant and its constituents. Carvacrol and thymol also showed stimulatory effect on Th1 and inhibitory effect on Th2 activity. Therefore, the plant and its constituents could be of therapeutic values for treatment of immune disorders.
Various anti-inflammatory, antioxidant, and immunomodulatory properties of Z. multiflora and its major constituents (mainly carvacrol and thymol) showed that the plant and its constituents could be used for treatment of inflammatory disorders, immune Pharmacological effects of Zataria multiflora Boiss Pharmacological effects of Zataria multiflora Boiss inflammatory, antioxidant, and immunomodulatory effects of various extract, fractions, and constituents of the plant on those three biological activities should be compared. Finally, various clinical studies are needed to evaluate the effects of various extract, fractions, and constituents of the plant on inflammatory, immunodysregulatory, and oxidative stress disorders.
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A B B R E V I A T I O N S
AAPH -azobis 2-amidinopropane hydrochloride BALF -bronchoalveolar lavage fluid BPA -bisphenol a CACC -colitis-associated colon cancer CAR -carrageenan CAT -catalase CFA -complete Freund's adjuvant COPD -chronic obstructive pulmonary disease COX-2 -cyclo-oxygenase-2 CP -cyclophosphamide DCs -dendritic cells DMH -dimethyl hydrazine DPPH -diphenyl-1-picrylhydrazyl DSS -dextran sodium sulfate EO -essential oil FMLP -formyl-methionyl-leucyl-phenylalanine GC-MS -gas chromatography-mass spectrometry GSH -glutathione GT -c-terpinene Ibd -inflammatory bowel diseases IL-1b -interleukin-1b iNOS -inducible nitric oxide synthase LPS -Lipopolysaccharide Ltb4 -leukotriene B4 LTT -lymphocyte transformation test MDA -malondialdehyde Figure 5 Anti-inflammatory, immunomodulatory and anti-oxidant effects of different extracts of Z. multiflora and its constituents. MPO -myeloperoxidase NDV -Newcastle disease virus NOS -NO synthase NOX -NADH oxidase PGE2 -prostaglandin-E2 PLA2 -phospholipase A2 PMS -premenstrual syndrome PPARc -peroxisome proliferator-activated receptor-c SDCs -splenic dendritic cells SOD -superoxide dismutase TAS -total antioxidant status TBARS -lipid peroxidation products TEO -thyme essential oil TNF-a -tumor necrosis factor-a WBC -white blood cell ZMEO -Z. multiflora essential oil
